INTRODUCTION
Microvascular decompression (MVD) for trigeminal neuralgia is a commonly practiced procedure in neurosurgery, and several large series have been reported so far. [21, 39] It is now established that the vessel most commonly responsible for nerve compression is an arterial loop. Usually, superior cerebellar artery, anterior-inferior cerebellar artery (AICA), and dolichoectatic basilar artery are identified as the offending vessels. [21, 26, 39] However, venous compression by one or more affluent veins of the superior petrosal complex have been found to be responsible for trigeminal compression in up to 15% of cases, [25] and a recent series has identified the transverse pontine vein as the most common finding. [18] The debate about sacrificing or not the offending vein is still open, and there is growing number of reports describing mild to serious complications related to venous sacrifice during posterior cranial fossa surgery. [2, 3, 13, 20, 29, 30, [34] [35] [36] 39] We describe a case of a patient who developed a massive nervous tissue infarction during re-exploration of the trigeminal nerve for MVD. Critical analysis of the circumstances and literature review is also presented.
CASE ILLUSTRATION
A 55-year-old male presented with classical symptoms of the left trigeminal neuralgia. He reported several daily episodes of intense facial pain on the left side of the face, occurring around 20-30 times/day. Pain episodes were described as sharp, with sudden onset, lasting few seconds and completely unpredictable. The pain involved mainly V2 and V3 branches but occasionally also V1 branch was reported. At the time of neurosurgical assessment, the pain was going on from years, and the patient had already tried medications, unsuccessfully.
Magnetic resonance imaging (MRI) of the brain with time of flight, arterial, and venous sequences was performed to identify possible microvascular compression. This was actually seen at the level of the left trigeminal nerve, at its exit from the pons. A large venous vessel tributary of the petrous vein complex was found close to the nerve, and it was suspected to be responsible for the pain [ Figure 1a -c]. A minor arterial loop, a possible branch of the AICA, was also identified below and medially to the nerve. Diagnosis of mixed venous and arterial microvascular compression was done. The patient was informed in details about all the possible surgical and medical options, including conservative management, glycerol injection, radiofrequency, and surgical treatment. Given the relatively young age and the good American Society of Anesthesiologist score, surgery was proposed as a feasible option and the patient expressed interest to be treated by MVD.
The patient was therefore scheduled for MVD. This was carried out through a small (2, 5 cm in size) retro-sigmoid craniotomy and cerebellopontine angle exploration, under continuous neurophysiological monitoring (V, VII, and brainstem auditory evoked response [BAER] ). After opening the cisterna magna and performing cerebro-spinal fluid release, cerebellum relaxation was obtained, and the left cerebellopontine angle in its superior compartment was exposed. The superior petrosal complex was partially covering the surgical trajectory. However, by using a different angle and performing gentle cerebellar retraction, it was possible to preserve it while still getting a good visual exposure of the V cranial nerve complex. The trigeminal nerve was markedly compressed by a large vein -probably the cerebellopontine vein itself, which was draining into the superior petrosal complex [ Figure 2a ]. Given the large size of the vein, it was decided to just separate it from the nerve and not to sacrifice it. This was done successfully by gentle arachnoid dissection and by putting several pieces of Teflon between the vein and the nerve itself. During this step, the arterial loop noted on the MRI scan was briefly seen, although the compression on the nerve was difficult to estimate, given the presence of the previously dissected nerve and vein complex. However, the decompression obtained by separating the nerve from the vein was considered satisfactory, the amount of compression caused by the vein appeared as a consistent finding, and the vein itself looked too large to be taken away safely. Therefore, the procedure was stopped after getting proper venous decompression of the nerve.
Postoperative course was uneventful and without complications. Patient experienced immediate relief from the pain and was discharged after 4 days. However, after 10 days from the operation, the patient reported that the pain was coming back again. There was still a consistent clinical improvement; since the pain was now located just at the level of the maxillary branch of the trigeminal nerve (V2) while the pain on the remaining branches had disappeared. Despite this, the pain on V2 was described as the same as before. Medical treatment with carbamazepine was attempted again, but unsuccessfully, and the patient asked for other treatment options. A new MRI scan was performed showing good separation of the vein from the nerve, but still possible arterial conflict medial to the nerve. Radiofrequency, glycerol injection and surgical re-exploration were all discussed with the patient, who was not keen on trying conservative management or alternative treatments other than surgery. The case was re-discussed on the weekly neurosurgical department meeting and consultation with other experienced surgeons in the country was taken. An arterial conflict and maybe compression by the Teflon itself were suspected, and the consensus was to re-explore the nerve looking for any missed arterial conflict. Re-do surgery was then scheduled. Through the same retrosigmoid approach, cisterna magna was opened, satisfactory cerebellar relaxation obtained, and cerebellopontine angle exposed. No significant cerebellar retraction was performed. To get proper exposure of the trigeminal nerve, this time the superior petrosal venous complex was coagulated and cut at its entrance into the superior petrosal sinus. Excellent exposure of the trigeminal nerve was then obtained: Previously placed Teflon separating the vein from the nerve was seen and partially removed. However, after about 10 min from the coagulation of the superior petrosal vein, an anesthetist advised about quite abrupt change in vital parameters: Tachycardia and high blood pressure were noted. At the same time, the surgeon noticed progressive cerebellar swelling and the cerebellopontine angle became quickly inaccessible, despite attempting cerebellar retraction. Cerebellar tissue started to swell beyond the craniotomy margins. Venous infarction was immediately suspected.
Diffuse oozing and low-pressure bleeding was noted on the cerebellar surface. The craniotomy was enlarged medially and partial lateral cerebellar resection was also performed. A large clot coming from the cerebellar tissue was evacuated. Some abnormal vessels were found in the context of the cerebellar tissue, thus venous angioma/cerebellar arteriovenous malformation (AVM) was suspected, and samples were sent for pathology analysis, which confirmed the same [ Figure 2b and c]. The bone was not positioned back. Once the bleeding was under control, dural substitute was positioned over the cerebellar tissue. Muscle, fascia, and skin were closed, and patient was transferred in radiology for emergency computed tomography (CT) scan. This showed massive left cerebellar, brainstem, thalamic, and temporal lobe infarction and hemorrhage, with concomitant developing hydrocephalus [ Figure 3 ]. Given the age of the patient, it was decided to try aggressive surgical treatment. The patient was transferred back in theater; right frontal external ventricular drain was positioned, and large bilateral decompressive craniectomy of the posterior cranial fossa was performed. The patient was then transferred in Intensive Care Unit and kept sedated for 24 h. Another CT head was repeated at the end of this period, showing stable radiological picture. When sedation was stopped, pupils were small and unreactive, with mild anisocoria (left > right). The patient was barely extending to pain stimulus, with no verbal or eye response. Glasgow Coma Scale was 4. Corneal reflexes were absent. Given the poor prognosis a treatment-limiting decision was taken after discussion with the family who refused autopsy.
DISCUSSION
MVD is a common procedure in neurosurgery, and large series have been reported so far. [4, 11, 21, 26, 39] First described by Dandy and Gardner, [5, 8] its surgical principles were popularized by Jannetta et al. [11, 12, 21] Although the most common finding is a nerve compression related to an arterial branch, venous compression has been demonstrated to be responsible in 5-13% of cases. [26] In a relatively recent series of venous MVD, the offending veins have been found to be transverse pontine (42% of cases), ponto-trigeminal (28%), vein of the cerebellopontine fissure (14%), and a mixture of those (14%). [19] It is quite debated topic what to do in case of venous compression of the trigeminal nerve. Experienced surgeons advocated that vein responsible for the nerve compression can be taken without significant complications, [21] and some authors even recommend the coagulation and cutting of the vein to reduce the risk of recurrent pain. [9] Despite this, several cases of possible consequences related to venous coagulation and cutting of the superior petrosal complex are described. [3, 13, 21, [30] [31] [32] [34] [35] [36] 38] Specifically, peduncular hallucinosis [3, 13] and cerebellar infarction [16, 35] are reported among the most serious sequelae, and a single case report of brainstem infarction is described [30] [ Table 1 ].
However, similar complications are also reported in few cases of the main series. [21, 39] The superior petrosal vein it is usually a major venous supply of the posterior cranial fossa. It is located in close proximity to the trigeminal nerve, below the tentorial edge, and it runs anteriorly and laterally from the upper portion of the cerebellopontine angle toward the petrous bone, into the superior petrosal sinus. In a recent anatomical report by Matsushima et al., four major vein groups have been described to be tributaries of the superior petrosal vein: (1) Petrosal group, draining the fourth ventricle, the lateral medulla, the cerebellopontine fissure, the petrosal cerebellar surface; (2) posterior mesencephalic group, draining the area facing the cerebello-mesencephalic fissure; (3) the anterior mesencephalic group, draining the anterior-lateral portion of the midbrain and pons; (4) the tentorial group, draining the lateral portion of the cerebellar surface facing the tentorium. [18] Theoretically, closure of the superior petrosal complex is expected to cause a massive infarction in this area, but the rich amount of venous anastomoses, especially in the anterior portion of the brainstem, makes this occurrence quite rare. Considering the very low rate of serious complications related to MVD procedures and the established practice to coagulate the vein to decompress and/or achieve a better exploration of the nerve, [9, 20] such a dramatic infarction was actually completely unexpected. Moreover, the extent of the infarction into the supratentorial compartment, with the involvement of the posterior thalamus and left temporal lobe, was difficult to correlate with the closure of the superior petrosal complex alone since those areas are rather drained by the internal cerebral and basal vein of Rosenthal. Just as a matter of speculation, it is our hypothesis that the brainstem and cerebellar Watanabe T [36] 2013 Superior petrosal vein 5 3 pts: Self resolving oedema, temporary drain for hydrocephalus required in 2 of them; 1 pt: Cerebellar haemorrhagic infarction requiring surgical decompression; 1 pt: Cerebellar infarction Ward C [35] 2012 Superior petrosal vein or tentorial vein 6 Cerebellar infarction -outcome not specified Koerbel A [13] 2006 Superior petrosal vein and transverse pontine vein 1 Peduncular hallucinosis, self resolving Zhong J [39] 2008 Superior petrosal vein 3 Cerebellar oedema requiring decompressing craniectomyimpaired balance and hemiparesis in the long term Masuoka J [20] 2008 Superior hemispheric vein, vein of the cerebellopontine fissure, pontotrigeminal vein 1 Cerebellar haemorrhagic infarction, self resolvingataxia at 4 months follow-up Singh D [30] 2006 Superior petrosal vein 1 Cerebellar and brainstem haemorrhagic infarction, resulting in patient's death Strauss C [32] 2004 Pontotrigeminal vein 1 Brainstem venous congestion, resulting in reduced hearing Strauss C [31] 2001 Superior petrosal vein (manipulation, not sacrified) 1 Decreased hearing Chen HJ [3] 1995 Figure 1c ]. We performed a review of the international literature and we found that, although rare, this occurrence has been previously described. Specifically, we found nine cases of trigeminal neuralgia due to dural AV fistula [1, 6, 7, 10, 14, 15, 17, 24, 27] and five cases of association between trigeminal neuralgia and venous angioma of the posterior cranial fossa. [22, 23, 25, 28, 33, 37] In all but one case, [7] the vascular malformation was suspected with preoperative imaging. In our case, vascular malformation was not suspected on the basis of the preoperative radiological assessment and intraoperative findings were not in favor of that. The pathology report showed dilated and abnormal vessels in keeping with and AVM. However, we were unable to prove what kind of malformation we encountered (dural AV fistula vs. venous angioma), given the rapid dynamic of the intraoperative changes and the unclear radiological picture. A very recent series reported possible variable role of the lateral mesencephalic vein in drainage of the nervous tissue facing the tentorial region (brainstem, cerebellum, and temporal lobe), which could explain reason for rare but possible complications like the one reported here during posterior cranial fossa surgery. [2] Our main questions are concerning what could have been done differently. First of all, in the very first operation, we were quite concerned about sacrificing the vein responsible for compression, given its large size. Some authors reported use of neurophysiologic monitoring to detect early brainstem changes during temporary venous occlusion. In one particular case, reduction of brainstem auditory evoked potentials after temporary obstruction of the superior petrosal vein during surgery was seen, thus allowing the authors to spare the vein and avoid possible brainstem infarction. [32] Despite this, it is known that venous infarction can take up to 24-48 h and the same group reported delayed neurological complications after the closure of a venous collector for MVD with negative intraoperative neurophysiological finding. [31] Second, further considerations regard the possible presence of nondiagnosed AV fistula/venous angioma. With hindsight, brain angiography before the second operation might have been helpful to clarify whether a vascular malformation was there or not. However, indication for such an invasive procedure could have been questionable, since there were not dilated or markedly abnormal veins seen on the MRI scans and the intraoperative appearance of the vein was not suggestive of a vascular malformation itself.
To sum things up, we would advise to try preserving the vein anytime this is possible, especially if it is large in size. If it is decided to sacrifice the vein temporary occlusion while observing changed in the BAER may make the procedure safer. When planning an MVD for suspected venous compression, possible alternative treatment should be advised whenever serious concerns of possible venous infarction.
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